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Abstract 
Hybrid system micro-generation integration of PV-wind power is presented by a form of energy in which problems 
resulting from variability in the intensity of wind and solar intensity are possible mitigation either by 
complementation between one source to another or the largest stability configured by the generate the system. Based 
on this context, this work aims to assessing the performance of a hybrid system PV-wind power energy small of a 
rural property for their electrification. The study has been developed at the Rural Laboratory Powering from 
Engineering Department of UNESP. In order to present this research, a hybrid system has been installed PV-wind 
power, composed of one 400Wp windmill and a 300 Wp PV-system. The results obtained allowed us to evaluate the 
solar and wind energy supplied ranked among 285 and 360 kWh electric power generated by the PV-wind power 
hybrid system stood between 25,5 and 31 kWh. At is to say achieving yield of approximately than 10% during one 
year observation period, i.e., it was concluded that the performance of the hybrid system depended essentially the 
energy received and generated by the PV-system and that there was complementation between generating wind 
power and PV-systems with regard to time of day and the annual seasons by confirming the technical feasibility of 
this kind system of micro-generation in small rural properties. 
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1. Introduction 
Rural electrification in Brazil shows barriers as geographical dispersion population, low power 
consumption, high investments by customers and high operational costs compared to the urban 
electrification, resulting in low returns or even financial loss to the electric utility [1]. It is estimated that, 
on account of the distances in the national territory, the rural population is subject to great inequalities, 
compared to the urban population with regard to access to health services, education, culture, and social 
life for job opportunities. These inequalities are more pronounced when the rural population has access to 
electricity since most of the equipment used for leisure, comfort, housework and processing of 
agricultural products has its operation based on electricity [2]. 
Due to such difficulties in bringing electricity to the long distances generates losses and high 
investment cost of alternative systems of energy production become a great facilitator for production 
because only plaque photovoltaic would be impossible, since only during the day would production and 
any time of year would be much reduced but attaching turbine system becomes interesting this hybrid 
system. The rural electrification program has on used systems current converters for renewable energy to 
be considered as a technically feasible alternative for electricity generation. However these applications 
are still restricted to remote areas primarily due to high installation costs [3].In addition to the search 
alternative renewable sources that do not pollute and provide low cost.[3; 4].Isolated PV-systems feature 
energy production only during the day, it is necessary to solar power to activate them and in addition to 
this factor, they have low efficiency, to improve production is necessary to use mathematical models [5; 
6]. The wind that comes to a cleaner energy is gaining prominence for its production and full hybrid 
systems, since as noted production occurs at night and the highest production. The aim of this study was 
to demonstrate the compensation and production efficiency of electric energy in hybrid systems, PV-wind 
for rural areas [4]. 
2. Methods and Materials 
2.1. Hybrid system wind - solar photovoltaic 
The experiment was conducted at the Center for Renewable and Alternative Energies –Lab NEAR  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1.Panoramic view of 1 –pv-panel system; 2 - Wind Turbine System, N = North geographic. From local 
source: personal catalogue. 
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Energizing Rural Department of Agricultural Engineering, UNESP, Faculty Agricultural Sciences, 
Lageado – Experimental Farm– Figure 1; with22° 51' latitude South and 48° 26'West. We used three PV-
modules ISOFOTON I-100 with 100Wp nominal each and 300Wp installed. They are connected in 
parallel; it increases the current keeping the same output voltage. The PV-modules are made of crystalline 
silicon, installed on a pedestal, facing geographical north and tilted at an angle of 33° in its direction 
added more 10°. The power from wind energy available, selected a rural turbine AIR-X with nominal 
power of 400 Wp  mounted on a steel tower 14 meters high and equipped with internal load controller. 
2.2.  Methods of collecting electrical and meteorological data 
The meteorological and electrical acquisition system was scheduled to perform readings every ten 
seconds and do averages values read every five minutes. The collected data were stored in their own data 
logger – CR23X and stored on a computer in real time, using CSI data logger interface in connection – 
RS232 microcomputer serial port to this end [7]. 
Table 1.Periods– data acquisition. 
Period Date (mm/dd/yy) Seasons 
P1 09/15/2004 a 10/14/2004 spring 
P2 10/15/2004 a 11/14/2004 
P3 11/15/2004 a 12/14/2004 
P4 12/15/2004 a 01/14/2005 summer 
P5 01/15/2005 a 02/14/2005 
P6 02/15/2005 a 03/14/2005 
P7 03/15/2005 a 04/14/2005 autumn 
 
P8 04/15/2005 a 05/14/2005 
P9 05/15/2005 a 06/14/2005 
P10 06/15/2005 a 07/14/2005 winter 
P11 07/15/2005 a 08/14/2005 
P12 15/08/2005 a 14/09/2005 
2.3. Method for dimensioning power production 
2.3.1 Wind 
Using turbine voltage and electrical current data, we calculated the power generated by using Equation 
01 and the meteorological data of speed and temperature calculated the wind energy contained in the 
wind by Equations 02 and 03. The air density was calculated based solely on the temperature variation. 
By the relationship between the power generated by wind turbine and wind energy available, we 
calculated the efficiency of the wind system (Equation 04). 
 
ܧܩܣ ൌ෍ሺ ௔ܸǤ ܫ௔ሻݐሾܹ݄ሿǢ
௡
௜ୀଵ
ܽ݊݀ݐ ൌ ͳͳʹ ݄ 
 
(01) 
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In which 
݊ ൌnth value of data set; 
௔ܸ ൌaverage voltage at the turbine output, volts [V]; 
ܫ௔ ൌaverage current in the turbine, amperes [A]; 
ܧܩܣ ൌelectricity generated by wind turbine watts / hour [Wh]. 
 
௩ܲ ൌ
ߩݒଷܣ
ʹ ሾܹሿǢ 
 
In which 
ߩ ൌspecific air mass calculated at ambient temperature, [kgm-3]; 
ݒ ൌwind speed [ms-1]; 
ܣ ൌarea swept by the turbine rotor, [m2]; 
௩ܲ ൌpower available in the wind, watt [W]. 
 
ܧܧ ൌ෍ሺܲݒ௜ሻݐሾܹ݄ሿǢ
௡
௜ୀଵ
 
 
In which 
݊ ൌnth  average of data set; 
ܧܧ ൌwind energy available [Wh]. 
 
ߟܽ ൌ ͳͲͲሺܧܩܣሻܧܧ ሾΨሿǢ 
In which 
ߟܽ ൌyield of the turbine, [%]; 
ܧܧ ൌenergy available wind, [Wh]; 
ܧܩܣ ൌturbine power generate, [Wh].   
2.3.2 Photovoltaic 
With the data from voltage and current measures in PV-system, we estimated the electricity 
generated by using Equation 05 and the values of solar irradiance estimated the global solar energy 
incident on the plane of the panels by Equations 06 and 07. 
 
 
ܧܩܨ ൌ෍൫ ௣ܸ௩Ǥ ܫ௣௩൯ݐሾܹ݄ሿǢ
௡
௜ୀଵ
ܽ݊݀ݐ ൌ ͳͳʹ ݄ 
 
In which 
݊ ൌnth value of data set; 
௣ܸ௩ ൌaverage voltage at the output of the PV-panel, volts [V]; 
ܫ௣௩ ൌaverage current at the output of the pave-panel, amperes [A]; 
ܧܩܨ ൌelectricity generated by PV-panel, watt / hour [Wh]. 
 
  (02) 
 (03) 
 (04) 
(05) 
 Odivaldo J. Seraphim et al. /  Energy Procedia  57 ( 2014 )  1475 – 1484 1479
 
ܩ ൌܩ௣Ǥ ܣ௣ 
 
In which 
ܩ௣ ൌirradiance in the photovoltaic plane panel, irradiance [W. m-2]; 
ܣ௣ ൌpanel area, [m2]; 
ܩ ൌglobal solar irradiation in the plane of the PV-panel, [W]. 
 
 
ܧܵܩ ൌ෍ሺܩ݅ሻݐሾܹ݄ሿǢ
௡
௜ୀଵ
 
 
In which  
݊ ൌnth value of data set; 
ܧܵܩܧ݊݁ݎ݃ݕ ൌglobal solar pv-panel in the plane, [Wh]. 
 
By the relationship between electricity generated by PV-panel and solar energy available to the 
system, it was estimated the performance of  PV-system by using Equation 08. 
 
 
 
ߟ݂ ൌ ͳͲͲሺܧܩܨሻܧܵܩ ሾΨሿǢ 
 
In which 
Ʉ ൌPV-panel performance, [%]. 
 
 
2.3.3 Hybrid System 
 
The total available power for hybrid PV-wind system was calculated by using the average values of 
all global solar energy incident in the panel plane (ESG) and all power from wind energy available (EE). 
 Similarly, the total electricity generated by the hybrid system was calculated by the sum of the 
amounts of the electricity generated by the PV-panel (EGF) and the electricity generated by the wind 
turbine (EGA)is expressed EGSH – Equation 09. 
 
 
ܧܩܵܪ ൌ ܧܩܨ ൅ ܧܩܣ 
 
In which 
ܧܩܵܪ ൌenergy generated by the hybrid system, [Wh]; 
ܧܩܣ ൌpower generated by the turbine, [Wh]; 
ܧܩܨ ൌelectricity generated by PV panel,  [Wh]. 
 
 (06) 
 (07) 
 (08) 
 (09) 
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3. Results & Discussions 
Table 2 contains the monthly average wind speed observed in the period where 9 is the lowest speed, 
and the second period occurs during higher speed, since the irradiance occurs within 5 to lower incidence 
to and for the period 11 the highest value recorded. 
Table 2.Monthly averages of wind speed and  irradiance. 
 
 
Period 
 
 
Monthly 
Average Wind 
Speed(ms-1) 
  Solar 
Irradiance 
Monthly 
Average (W) 
P1 3,30 408,84 
P2 3,76 381,18 
P3 3,25 388,71 
P4 3,09 387,92 
P5 3,27 350,67 
P6 3,25 457,87 
P7 2,99 461,10 
P8 2,61 509,98 
P9 2,39 480,23 
P10 2,77 473,16 
P11 2,92 514,77 
P12 3,52 471,28 
 
 
By comparing the wind and solar energy available during the periods of data collection – Figure 2. The 
total amount of solar energy was 25 times greater than the amount of wind power and the period P2 was 
200 times higher in the P9. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.2. Power available in wind and solar global plan panel during the observation periods. 
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Figures 3 and 4 show, respectively, the contribution of wind energy and solar energy in the total 
global solar and wind energy available for the hybrid system. It is seen in Figure 3 that wind energy 
significantly affects the overall energy level available only in the period P2. In other periods, as can be 
seen in Figure 4, solar energy and the total energy available exhibit the same behavior [7]. 
The electricity generated monthly by PV-wind hybrid system reached the highest level in the P12 
and the lowest level in the period P1. We observe also that the energy generated by the hybrid system did 
not vary in proportion to changes in solar and wind energy available. Inclusive in periods when solar and 
wind dropped, the energy generated growth obtained, as in periods P9 and P12.  
 
 
Fig.3. Solar and wind energy available and wind energy available during the observation periods. 
 
 
 
 
 
Fig.4. Solar and wind energy and solar energy available in the global flat panel during the observation periods. 
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However, showed similar behavior with respect to the seasons, and the seasons of winter and fall 
provided the highest levels of available energy and energy generated by the hybrid system. Evaluating 
power generated by the hybrid system and the energy generated by the PV-panel, we observed that period 
P9 generation PV-panel was on the rise, increasing generation of the hybrid system –Figure 6. During the 
period P12 where the PV-panel decreased generation, turbine 2 may value generated from all the periods 
influenced by this the increase of hybrid generation system [7]. Evaluating the curve alone annual 
generation of the hybrid system with respect to each generation systems, PV and wind, it is found that the 
generation of the hybrid system depended primarily in terms of the amount of power generated by the 
PV-panel (Figure 6). We can see that the same dependence has not occurred with wind. 
 
 
Fig.5. Solar and wind energy available and energy generated by the hybrid system during the observation periods. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.6. Energy generated by the hybrid system and energy generated by the PV-array during the observation periods. 
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Figure 7 shows values of monthly turbine income, PV-panel system and hybrid PV-wind energy. It is 
observed that turbine performance presented throughout all periods of around 20% in the range of 15% in 
the period P9 and 22% in the period P2, respectively; periods of turbine worse and better performance. 
The PV-panel during all periods presented yield of around 8.5% in the range of 8.2 and 9.4% for the 
worst and best performance, respectively. Although the wind turbine individually have shown high levels 
of performance compared with the performance of the PV-panel, it is observed that the yield of hybrid 
system has values that accompany the behavior of yields found for the photovoltaic panel and approach 
the yield values found system for photovoltaic generation showing similar behavior even with respect to 
the seasons.  
 
 
Fig.7. Energy generated by the hybrid system and energy generated by the PV-array during the observation periods. 
 
 
 
Fig.8. Comparison between the performance of the hybrid system, wind turbine and photovoltaic panel during the observation 
periods. 
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This occurs because the values of solar and photovoltaic power generation for all periods were much 
larger than the values of wind and wind power generation as a whole and therefore the performance of the 
hybrid system at all times depended much more PV-system than wind system. 
4. Conclusions 
This study evaluated the performance of a small hybrid PV-wind. The global solar energy and energy 
generated by the photovoltaic panel reached values much higher than that available wind power and 
energy generated by the turbine, respectively. 
The photovoltaic generation systems and wind showed complementarily in power generation with 
regard to the times and seasons.  
Thus becomes a viable way to produce energy in places with difficult access, especially in rural areas, 
and difficult access of high voltage networks which is costly. The yield of the turbine remained over all 
observation periods, in the range of 20% and also presented dependence on the seasons. 
The photovoltaic panel showed a yield of around 8% in the conversion of solar energy into electrical 
energy. The global solar energy and energy generated by the photovoltaic panel reached values much 
higher than the available wind power and energy generated by the turbine, respectively.  
The performance of the hybrid system was slightly higher than the photovoltaic panel, so has the 
amount of energy received and provided by the system. Therefore, the performance of the hybrid system 
depended almost exclusively on the global solar energy and energy generated by the photovoltaic panel. 
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